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WRSIC ABSTRACT 
Flood-Plain Delineation for Bull Run, Little Rocky Run, 
Johnny Moore Creek, and Popes Head Creek Basins 

Water-surface profiles of the 25-, 50-, and 100-year recurrence 
interval discharges have been computed for all streams and 
reaches of channels in Fairfax County, Virginia having a 
drainage area greater than 1 square mile (2.59 km?) except 
for Dogue Creek, Little Hunting Creek, and that portion of 
Cameron Run above Lake Barcroft. Maps having a 2-foot (0.60 m) 
contour interval and a horizontal scale of 1 inch (2.54 cm) 
equals 100 feet (30.5 m) were used for base on which flood 
boundaries were delineated for 25-, 50-, and 100-year floods 
to be expected in each basin under ultimate development 
conditions. This report is one of a series and presents a 
discussion of techniques employed in computing discharges and 
profiles as well as the flood profiles and maps on which 
flood boundaries have been delineated for that part of Bull Run, 
Little Rocky Run, Johnny Moore Creek, and Popes Head Creek 


Basins within Fairfax County. 
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Pat L. Soule 


ABSTRACT 

Water-surface profiles of the 25-year and 100-year floods 
and maps on which the 25-, 50-, and 100-year flood boundaries 
are delineated for Little Rocky Run Basin, Johnny Moore Creek 
Basin, Popes Head Creek Basin and that part of Bull Run basin 
within Fairfax County are presented in this report. 

The techniques used in the computation of the flood profiles 
and delineation of flood boundaries are presented, and specific 
hydraulic problems encountered within the study area are also 


included. 


INTRODUCTION 

Suburban areaS in many parts of the United States have 
experienced remarkable growth over the last decade or so. Much 
of this growth, which replaced farms and woodlands with streets, 
housing developments and shopping centers, caused serious 
environmental problems. Continued growth and increased 
competition for desirable space have required careful guidance 
and planning of future development to insure optimum land use. 

Fairfax County began to experience such growth during the 
early 1950“s. In 2959 much of Fairiax County was Still rural, 
but the desirability of regulating encroachment into the flood 
hazard areas became apparent and appropriate local legislation 
was enacted by Fairfax County. For the legislation to be 
effective, it was necessary to quantify the effect of development 
on floods and to delineate the boundaries of flood inundation. 

Data collection an Bull Run, Lattie Rocky Run, Johnny 
Moore Creek, and Popes Head Creek basins began in 1962. The 
study continued through the release of maps and a letter report 
£0 the county of Farriax in 1974. 

This report is one of a series summarizing the results 
of the hydraulic analysis done under the cooperative program 


between the county of Fairfax and the Geological Survey. The 


hydrologic analysis has been published separately (Anderson, 1970). 
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Purpose and scope 


The purpose of the study was to determine the boundaries 
of floods having recurrence intervals of 25-, 50-, and 100-years 
under conditions of ultimate development. The flood boundaries 
were to be delineated on large scale maps that would become a 
part of the zoning ordinance documents for Fairfax County. The 
maps also could be used for management, design, and land-use 
planning. 

To achieve the objective of the study, it was necessary to 
analyze the effects of urbanization upon floodflows and to 
develop techniques to compute the flood magnitude from measurable 
basin parameters for any given recurrence interval and for any 
degree of development. Reasonably accurate methods were 
available for estimating the magnitude and frequency of floods 
expected from rural or undeveloped drainage basins. However, 
as a drainage basin is changed from rural to suburban or urban 
conditions, the magnitude and frequency of flooding is also 
changed. Changes in flood frequency and magnitude resulting 
from basin development had previously received only scant 


study because of the sparse data available. 


The cooperative agreement between U.S. Geological Survey 
and Fairfax County, established a project to study the effects 
of basin development on floods and to delineate flood boundaries 
on specially prepared maps of stream valleys. The scope of 
the project included all of the basins in Fairfax County having 
a drainage area greater than 1 square mile (2.59 square kilometers). 
Excepted were the Dogue Creek and Little Hunting Creek basins, and 
the upper tributaries of Cameron Run basin, and Tripps Run and 
Holmes Run above Lake Barcroft. Studies of these basins were 
made by a private consulting firm. The maps were to have 2-foot 
(0760 m) "contours dt a scale of I anch (2.54 em) equals 100 Eeet 
(3075 m) = (the progect allowed £or collection of basic data, 
for analytical investigation, and for definition of flood-prone 
areas. 

Anderson (1970) described the procedures used and the results 
obtained in the analysis of the effect of urbanization on flooding. 
He presented mathematical and graphical relations that may be 
used to estimate the flood discharge at a given recurrence 
interval up to 100 years for sites in the Washington Metropolitan 
area having various degrees of development. 

The purpose of this report is to provide a consolidated 
reference containing a summary of the techniques used in 
computation Of flood profiles, a discussion of specific 
hydraulic problems encountered within the study area, a 
graphical presentation and listing of flood profiles, and the 
maps showing the area inundated by floods having recurrence 
intervals of 25-, 50-, and 100-years. 
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Description feta Study Area 


Fairfax County is in northern Virginia adjacent to and just 
west of Washington, D.C.(fig. 1). Fairfax County was formed by 
the division of the County of Prince William in 1742. From 
colonial days until World War II Fairfax County remained primarily 
rural. Following World War II, with the tremendous growth 
of Federal Government and influx of light industry, the County 
lost its primary agricultural character and became largely 
residential. The population grew from 41,000 in 1940 to 564,000 
in 1974 and it is estimated that by the year 2000 Fairfax County 
will have a population between 1 and 1.5 million. More than 50 
percent of the land area had been developed by 1974. (written 
comm., Fairfax County, 1974) 

Bull Run forms part of the southeast boundary of Fairfax 
County. Bull Run and its tributaries drain the southwestern part 
of Fairfax County. Bull Run heads in Bull Run Mountains at 
elevations near 1200 feet and runs in a southeasterly direction 
discharging into Occoquan Reservoir with a normal pool elevation 
of 120 feet above mean sea level. Little Rocky Run, Johnny 
Moore Creek, Popes Head Creek, and that part of Bull Run Basin 
within Fairfax County lie between latitudes 38°943'N and 38°52'N 
and longitudes 77°18'W and 77°32"30"wW (figs 2). 

The area covered by this report is bounded by Pohick 
and Accotink basins to the east, Wolf Run to the south, Difficult 
Run and Cub Run baSins to the north, and Bull Run itself to 
the southwest. The entire Bull Run drainage basin includes a 


total area of approximately 194 square miles (502 km2). That 
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Figure 1. Location map of study area 
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part of Bull Run and those tributaries within Pairtax? County 
included in this report drain an area of approximately 33 square 
miles (85 km?) . 

The topographic features of the Bull Run basin vary from 
the relatively flat area of the upper Piedmont to the mountainous 
ridges and gaps of the Bull Run Mountains. Within Fairfax County, 
Bull Run feributarzes "AY and "B* and) Little Rocky Run/’are within 
the Piedmont Lowland physiographic province, and Johnny Moore 
Creek and Popes Head Creek BaSins are within the 
Piedmont Upland physiographic province. That part of Bull Run 
basin within Fairfax County varies from a series of low ridges and 
hills to large areas of nearly level land in the west and northwest 
near Dulles Airport. Popes Head Creek and Johnny Moore Creek 
basins have well developed drainages, with steeper slops along 
the stream courses and fairly steep channel slope, and in the area 
of the mouth of Cub Run and above within Fairfax County it has 


a low and fairly wide flood plain. 


There has been little development within Little Rocky Run, 
Johnny Moore Creek, Popes Head Creek, and that part of the Bull 
Run basin discussed in this report. The centers of development 
are along the 166 corridor in Gainesville, Centreville, Chantilly 
and Fairfax City areas, more than 90 percent of the basin is 
vacant or devoted to agricultural uses. Future development will 
probably be along the 166 corridor, with Fairfax City, Chantilly 
and Centreville being the centers for that development within 
Fairfax County. Residential development will expand into the 


Little Rocky Run, Johnny Moore Creek, and Popes Head Creek basins 
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and on that high area overlooking Bull Run, but densities should 
be low, as planned development is for larger building lots and 
acreages. 


Fieldwork in the study area was done in 1971 and 1972. 


LS 


FLOOD-PLAIN MAPPING 


Maps 


The base maps on which flood boundaries are delineated 
have a 2-foot (0.60 m) contour interval and a horizontal scale 
o£ 2 inch (2.54 cm) equals 100 £eet (30.5 m). Natural and 
manmade features along the stream are shown. The maps were 
compiled by the USGS from aerial photographs taken in 1967 of 
Bull Run basin, in 1970 of Little Rocky Run and Johnny Moore 
Creek basins, and in 1971 of Popes Head Creek basin. The maps 
include a 250-foot (76.2 m) grid based on the Virginia coordinate 


system, north zone. 
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Discharge 


The flood areas delineated are those determined using ultimate- 
development discharges. Highly developed basins differ from 
natural basins in that for a given storm (1) runoff is greater, 
(2) discharge time is much shorter, and (3) floods of comparable 
magnitude have a higher frequency of occurrence. These factors 
were analyzed through a study of streamflow and precipitation 
records, most of which were collected in the vicinity of Washington, 
D.C. The report, "Effects of Urban Development on Floods in 
Northern Virginia", (Anderson, 1970) describes the analysis used 
and summarizes the conclusions of that analysis. The effects of 
imperviousness with respect to runoff volumes was evaluated by 
comparing typical runoff coefficients for natural and highly 
developed basins. Regression analysis was used; first to derive 
the relation of lag time (the time lapse from centroid of 
precipitation excess to the centroid of runoff) as a function of 
length-slope parameter; and second, to derive the relation of 
mean annual flood (2.33-year recurrence interval), adjusted for 
effects of imperviousness, as a function of drainage-basin area 
and lag time. An analysis of flood and rainfall frequencies was 
made to derive ratios of 25-, 50-, and 100-year floods to the mean 
annual flood for any percentage of imperviousness. Using the 
available information for a basin in the project area, the 
magnitude of the 2.33, 25-, 50-, and 100-year flood peaks can 
be computed from measurable basin parameters for any percentage 
of imperviousness in the ultimate development plan. 


The term recurrence interval, as used here, is the average 


a 


interval of time within which a given flood discharge will 
be equaled or exceeded once. The recurrence interval is inversely 
related to the chance of a given flood being equaled or exceeded 
in any one year. Thus, the 100-year flood has a 1 percent 
chance of being equaled or exceeded in any one year. No periodicity 
is implied. 
Profile Computation 

Having computed the 25-, 50-, and 100-year floods at 
selected points by the methods set forth by Anderson (1970) 
the corresponding water-surface profiles were computed using 
the standard step method of backwater analysis. The method is 
based on a balance of energy between successive pairs of stream 
eross-Ssections. For tranquil Eleow the computations start at 
the farthest downstream section, or at a control section, and 
proceed upstream; but for supercritical flow the computations 
start at the most upstream section, or critical section, and 
proceed downstream until flow again becomes tranquil. Peak-discharge 
magnitudes varies with size of drainage area and were changed 
at selected points, such as above the confluence of a major 
tributary. The water-surface profile elevations are available 
for each cross-section. The cross-sections are referenced to an 
arbitrary base line, drawn to an approximate controid of flow, 
and measured in an upstream direction from an arbitrary starting 
point. Profiles were computed in accordance with accepted 


methods of the Geological Survey. 


18 


Following are several general items pertaining to the profile 

computations: 

ie Discharge magnitudes greater than that of the 100-year flood 
May occur. However, the rate of change of stage per unit 
discharge generally becomes comparatively less as the 
discharge increases. 

an No factors of safety were used in the computations. Bridges 
and culverts were assumed to be free of debris. Roughness 
coefficients (Manning's "n") were selected based on summer 
vegetation. 

iF New construction and channelization work may modify hydraulic 


properties, thus changing the flood profiles in the future. 


aly) 


Delineation of Flood Boundaries 
The first step in the delineation of flood areas was to 
transpose the flood profile elevation, computed at each cross 


section, onto the base maps on which channel cross-sections had 


initially been located. Delineation was then completed by 
interpreting elevations between these cross sections and between 
Map contours on a straight line basis. 

The maps show the 25- and 100-year flood boundaries generally 
and include the 50-year flood boundary in some places. In steep 
places there was insufficient space to show both the 25- and 
100-year flood boundaries, and only the 100-year flood was delineated. 

The delineation represents the average water-surface elevation. 
During actual floods, the water-surface may not be level across the 


stream. 
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FLOOD PROFILES 
Flood-profile data tables for Little Rocky Run, Johnny Moore 
Creek, Popes Head Creek, and that part of Bull Run basin within 
Fairfax County are: 
Table 1. Water-surface profile data for Bull Run 
Table .2. Water-surface profile data for Bull Run tributary 'A' 
Table 3. Water-surface profile data for Bull Run tributary 'B' 
Table 4. Water-surface profile data for Little Rocky Run 
Table 5. Water-surface profile data for Little Rocky Run tributary 
Table 6. Water-surface profile data for Johnny Moore Creek 
Table 7. Water-surface profile data for Popes Head Creek 
Table 8. Water-surface profile data for East Fork Popes Head Creek 
Table 9. Water-surface profile data for Piney Branch 
Table 10. Water-surface profile data for Castle Creek 
Table 11. Water-surface profile data for Castle Creek tributary 
The tables were prepared so that the reader can locate the position 
for which information is desired on the flood plain maps included 
in this report, determine base-line stationing from the map by 
projection to the base line, and by use of the station number, 
find in the table the nearest section for which information was 
determined. 
For each cross section used in profile computations, tables 1 
to 11 summarize: (1) The base-line reference stationing of that 
section, (2) the imperviousness determined from "Fairfax County, 
A Comprehensive Plan for the Bull Run Planning District (Feb. 1969)" 
and County ultimate development plans used for computing discharge for 


the different recurrence interval flood at that point, (3) the 


Pai 


resulting discharge and the corresponding water-surface profile 


elevations for 25-, 50-, and 100-year floods. 
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Special Hydrologic and Hydraulic Condition 


Special hydrologic and hydraulic conditions will be discussed 


in order. 


is 


The 25-, 50-, and 100-year discharges for the Bull 
Run basin were computed using mean annual discharges 
obtained as follows: 

a. Below Cub Run the mean annual discharges were 
computed on the basis of 20 years of record 
(1951-70) for the gaging station "Bull Run at 
Manassas" and relationships developed by Anderson 
(1970) . 

b. Above Cub Run the mean annual discharges were 
computed using relationships developed by 
Anderson (1970). 

Popes Head Creek parallels the Southern Railroad 
for about 4 miles. Several grade crossings and 
reaches where channelization has taken place are 
subject to change. Maintenance crews from time to 
time alter the channel or change the grade crossings 
to alleviate flood problems. The following reaches 
are mentioned specifically: 
Ae sectzon No. 10 to 12 (Sta 16442 to 19+40). 
The channel has been channelized to parallel 
the railroad grade, the banks are steep and 
the railroad grade is subject to erosion. 
Maintenance and alteration of this section 


would be ecpected during and after most major floods. 
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B. Section No. 60 to 64) (Sta.=145+25" to Stace 167729) 
This reach is complicated by a bridge at the lower 
end of the reach, three contractions created by 
old grade crossings, and a section where the old 
channel has been cut off and channelization 
parallels the railroad. Flood profiles could be 
changed by future alterations to the channel or 
control features in the reach. The old channel 
north of the railroad between sections 71 and 81 
has a 48-inch culvert inlet and 48-inch culvert 
outlet, both of which are subject to stoppage. The 
flood boundry was computed for the area north of 
the railroad, ignoring inflow and outflow thru 
these culverts. Inflow into the area was considered 
to be over tracks from the channel south of the 
tracks. Outflow was considered to be over the 
tracks. Outflow was considered to be over the 
tracks at the downstream end of the reach. Boundaries 
delineated are maximum limits of the 100-year 


recurrence interval flood. 
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Flood profiles (figs. 3-13) are included in this report, graphically 
presenting those water-surface profiles computed for the 25-year 

and 100-year floods and the channel bed profile along the thalweg 

of the stream. The 25-year flood profile was omitted in cases 

where it is very close to the 100-year profile and showing 


both would cause confusion. 
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FLOOD-PLAIN DELINEATION 

Boundaries for 25-year, 50-year, and 100-year floods, 
assuming ultimate development, are delineated on 84 special 
large scale maps that were reduced to page size for this 
report (figs. 15-98). Copies of the maps at the original scale 
of 1 inch (2.54 cm) equals 100 feet (30.5 m) can be obtained 
from Fairfax County. Figure 14 is the index of sheets for 
Bull Run, Little Rocky Run, Johnny Moore Creek, and Popes 


Head Creek Basins. 
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DELINEATION OF FLOOD-PRONE AREAS 


BULL RUN, LITTLE ROCKY RUN, JOHNNY MOORE 
CREEK, AND POPES HEAD CREEK BASINS 


Flood plain delineation by U.S. Geological Survey in cooperation 
with the. County of Fairiax as a part of a study of urbanization 
effects upon flood discharges. 


Topography from aerial photographs taken 1963 and 1970 250-foot 
grid based on Virginia coordinate system north zone. 


Maps compiled by photogrammetric methods. Control and photogrammetric 
surveys are in accordance with National Map Accuracy Standards. 
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